Introduction
It was a few months after I was elected a member of the Japan Academy on November 12, 1985. 1 had a letter from Prof. Toyomi Fujino, Editor of this Journal, soliciting for a contribution of a paper in commemoration of the election. Several months elapsed, before I finally made up my mind to write, but on a subject that I had once chosen for my lecture (Ludwig von Sallmann Prize Lecture) delivered at the 6th International Congress of Eye Research, held in Alicante, Spain, October [1] [2] [3] [4] [5] [6] [7] 1984 . The lecture has not been printed, and I am taking this opportunity to have it done in this journal.
I will deal with a very simple idea in this paper.
Though it is simple, it has meant a lot to me. In Section 1, I will disclose the secret of the idea, and in Sections 2 and 3 I will discuss through two other examples how the idea rescued me from impasse and helped me open a wide view in my front.
An idea in general does not always work.
This simple idea cannot be an exception, but is the one I would like to share with the readers. Section 1.
A device for optimum film exposure
My study of the retina began at Tokyo Women's Medical College a few years after the end of World War II. Since all equipment for research was reduced to ashes during the war, we had to start our experiment with hand-made apparatuses assembled from second-hand parts collected from junk stores. We even had to build our oscillo scope.
Reprint requests to: Dr. Tsuneo Tomita, 9 Daikyo-cho, Shinjuku-ku, Tokyo 160, Japan When we had the first success in intraretinal recording, we jumped for joy. Since this was a brand-new approach for the study of retinal response, every tracing displayed on the oscilloscope screen was new and we wanted to store on film such tracings without a single loss. At this point, however, we encountered a serious technical problem. For recording responses on film with the optimum exposure, it was necessary to adjust the intensity of the oscilloscope beam to be inversely proportional to the speed of scan. The time for a single scan varied widely from a few seconds to a few milliseconds, depending on the wave form of the response to be recorded. However, our primitive, hand-made oscilloscope was far from meeting such requirements.
To establish the condition of optimum exposure with a fixed aperture of the camera lens, we set in front of the oscilloscope a phototube connected to an integration circuit to register the total amount of light falling onto the phototube during a single scan of the oscilloscope beam. It was easy to bring the registered amount of light to a given value by adjusting the intensity of the oscilloscope beam. It then occurred to me that instead of trying to make the room as dark as possible what would happen if the face of the oscilloscope screen is illuminated by bright light. The light should act as a masking light for the oscilloscope beam, but the beam, with its intensity adjusted, should be distinguishable from this masking light.
The procedure we took is as follows. 1) Whenever we had a response to be stored on film, an incandescent lamp set in front of the oscilloscope was switched on: 2) The intensity of the oscilloscope beam was adjusted to a point barely discernible from the masking light: 3) The incandescent lamp was switched off: 4) A recording was made of the response with a camera of a fixed lens aperture. Once the aperture of the camera lens had been determined empirically for optimum film exposure, all records on film proved to come out with perfect exposure, irrespective of the speed of scan.
The secret of the idea is just as above mentioned. It tells that when your experiment is in impasse and cannot make a break through, just think the exact opposite. In the following two sections, I will describe two other examples which are extremely important to me because of their immeasurable contribution to my academic life over half a century. Section 
2.
A device to minimize scattered light effect
One of the conclusions which we drew from our initial experiment by intraretinal microelectrode was that the ERG b-wave (corneal side positive deflection recorded across the retina in response to the onset of light; cf. Fig. 1 ) originates in the bipolar cell layer. This conclusion was based on the observation that the b-wave changed its polarity from cornea-positive to cornea-negative, as the penetrating microelectrode in the retina passed through the bipolar cell layer (Fig. 1) .
It was not long before the above conclusion was met by severe counterarguments.
At the 1952 Cold Spring Harbor Symposium, where the main theme was the neuron,
Ottoson and Svaetichin2 reported the results of an experiment similar to ours, but with an entirely different conclusion. According to their findings, there was no polarity re versal of the ERG b-wave like the reversal shown in Fig. 1 . Furthermore, they could not find any change at all in the configuration of ERG until the penetrating micro electrode reached the photoreceptor layer, and while the electrode passed through this layer, ERG disappeared (cf. Fig. 4 ). Consequently, they concluded that ERG originates entirely in the photoreceptor layer. They commented that the polarity reversal which I had demonstrated was probably produced by the thick electrode I had used, damaging the retina. Conflicts continued for many years (see Tomita3 for more detailed accounts).
While we were amidst the conflicts, Brindley at Cambridge published three papers.4-6 In the introduction to his papers, Brindley stated that although the microelectrode technique seemed to be the definitive method for determining the origin of ERG waves, both
Tomita and Svaetichin had advanced quite different conclusions, and that his own re search had been done from a position that was critical of the other two researchers.
The conclusions he had reached, however, did not completely agree with either re searcher's ideas.
To begin with, Brindley noted that when a fresh frog eyecup preparation was used in making intraretinal recordings, the polarity reversal that I had described could be observed. If a slightly stale preparation was used, however, such a reversal could not be found. This meant that the record from a fresh preparation showed Tomita's complex pattern, the term used later by Brindley7 to refer to the intraretinal ERG showing re versal in polarity, but Svaetichin's simple pattern was obtained from a stale preparation.
He concluded from the results that the potential displaying polarity reversal had an origin different from that of ERG. As this potential was sensitive to aging, it disap peared in a stale preparation and the original ERG was manifested. The ERG thus manifested did not show a potential reversal, and it originated in the photoreceptor layer as Svaetichin had pointed out. As evidence to substantiate his conclusion, Brindley explained that the largest ERG was recorded across the external limiting membrane found approximately in the middle of the receptor layer. According to his explanation at that time, the external limiting membrane was a high-resistance membrane, which he designated the "R-membrane". high resistance, corresponding to what Brindley had reported for the R-membrane, was detected in the upper surface of the eyecup deprived of the retina. From the retina proper which was detached from the pigment epithelium, no such high resistance was detectable. This indicated that the R-membrane was not the external limiting mem brane inside the retina, but rather a membrane behind the retina. (The R-membrane has now been identified to be the pigment epithelium itself.)
If the R-membrane was a membrane behind rather than inside the retina, then it was necessary for us to reinterpret all the data advanced by Brindley. After several days of reflecting on those data, I came up with a model shown in Fig. 5 . In this figure the R-membrane is located behind the retina, and in addition the concept that I initiated and called the "functional nonuniformity" was introduced. This concept meant that the deterioration of the retina did not proceed uniformly, but rather the retina, when de teriorating, was made up of a mixture of ERG-active regions and ERG-inactive regions.
Both the left and right sides of Fig. 5 show regions in which an ERG-active layer was present, and the central part of the figure shows a region in which the ERG-active layer In the case of a), normal ERG would be recorded regardless of whether functional nonuniformity existed or not, since the electrode in the vitreous humor would record the sum of all local ERGs from active retinal regions. However, in the case of b), a significant difference would be produced in the recorded ERG, depending on whether the microelectrode was inserted in an ERG-active region of the retina or in a region that had become ERG-inactive. From an ERG-active region the microelectrode placed I thought that if one region of the retina was kept in darkness, this region would not receive any stimulation and thus a simple pattern could be obtained from this region.
We carried out this experiment using two lights, one of which was a spot light on the recording site (focal light), and the other a diffuse light over the whole retina but with a stop to keep only the recording site in darkness (nonfocal light). Using this nonfocal light, however, we were unable to obtain a clear simple pattern, as the recording in Fig. 6b indicates. It seemed that even though we tried to keep one retinal region in total darkness, it was impossible to eliminate all scattered light.
I then became aware that we were in a position very similar to the one I described To carry out this experimental I fashioned an apparatus shown in Fig. 7 by removing the conic diaphragm from an old electromagnetic speaker and replacing it with a metal plate (MP). Both ends of the plate were fixed fast and the plate served to produce vibration.
A piece of Ag-AgCl attached to the metal plate served as the indifferent electrode. On this I placed the isolated carp retina with its receptor side up. Strong surges of current were set to flow through the coil in synchronization with the flyback pulses of the oscilloscope beam. cones. Although the apparatus was never perfect, it became definite that there were spectral responses that differed in the wavelength of maximum sensitivity, as illustrated by the three response curves in Fig. 8 . Our subsequent research was directed toward study in the ionic mechanism in volved in the light-induced hyperpolarization that occurred in both cones and rods.
The polarity of their response to light is the opposite of that of the ordinary receptor potential, including those of most invertebrate photoreceptors.
Since the specific details of our research have been discussed in several review articles (Tomita14-16), only the conclusions will be presented here by the models shown in Fig. 10 . The model on the right side of this figure (D-type) illustrates a simplified ionic mechanism of the ordinary photoreceptor membrane of invertebrates. The resting potential is provided by a K+ battery and the illumination reduces the resistance of Na+ channel, which explains the occurrence of depolarization.
For the photoreceptor membrane of vertebrates (H-type in Fig. 10 ), the resting potential is also provided by a K+ battery, but the resistance of Na+ channel is low in the dark and it is increased by illumination to produce hyper polarization. The response to light is thus virtually the opposite of that for invertebrates.
In other words, it can be concluded that in the dark, where there is no stimulus, the Initially, I had a very difficult time getting anyone to understand this conclusion of ours, though this meant to me just another (the fourth) example of the idea discussed as the main subject in this paper. When I expressed our conclusion at symposiums and seminars, I was invariably confronted with the counterargument "How could it be so uneconomical to stay awake at night?" To deflect the questioner's challenge, I would ask in return "When we reflect on our everyday life, which time is longer-that spent in the dark or the time spent in the light?" I would like to close my story by emphasizing that our conclusion shown in Fig. 10 has 
